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said application slot and said suction slot together defining a treatment zone, said treatment zone extending through 
said moving web trom said air extraction site to said foam application site; 

whereby a pressure gradient between said foam application site and said air extractor site, is formed within said 
web in said treatment zone. 

5 

Perry, Chem. Eng. Handbook, 6th ed., pp 18-66 to 18-67 (1984) states that metal gauze is known to be useful for 
foam generation. 

Today, increasing use is being made in the manufacture of carpet of foam application equipment such as that 
supplied by ICS-Texicon, Gaston County Machine Co., Latex Equipment Sales and Service (LESS), Mitter, and the 

10 equipment known as the Kusters FLUIDYER KFA 3M Company. This equipment was developed for the application of 
dyes to porous webs, and is now used to apply the aforementioned Scotchgard™ chemicals, in foam forn, to carpet 
web. This foam technique continuously injects water-based air foam, into the moving carpet web. This method was 
developed primarily for the application of dyes to porous webs. See the descriptions of such equipment and practice 
in "Theory of Operation - 3M Foam Applicator Machine", pp 1-1 to 1-4, and in Zima Corporation's bulletin "Technical 

15 and Product Information", January 16, 1984. 

Briefly, in one aspect, the present invention provides a foam application device or system, comprising the combi- 
nation of an applicator head and a suction device, for continuously applying from a suitable foam generator a pressu- 
rized temporary foam, such as a water-based air foam containing treatment chemical, to a moving web of fluid-perme- 
able or ocrous material. »i;ch,as'.a waK nf c~rpet. as it travels betvy**? v9*T^.'^i T ! ar, *^ , 'i iF ^^^infJoe *?ppl.t?tO!' ; i'«^«d 

20 and suction device. The applicator head is disposed on one side of the web and has a pressurized foam injector in the 
form of an application slot which communicates by a passage to an inlet to which foam is continuously supplied under 
pressure, the slot extending across the web and from which the foam is injected into the web. On the other side of the 
web, the suction device is disposed and it has a suction or vacuum chamber communicating with a suction slot which 
also extends across the web and is used to suck, evacuate, or extract air from the web, the suction slot being disposed 

25 opposite the application slot. An air cushion means, such as an air-expandable tube or bellows, or other means is used 
to urge, force, or position the complementary surfaces of the applicator head and the suction device into contact or 
abutment with the web, thereby preferably compressing or squeezing the web somewhat as it moves and forming a 
sealed or isolated foam application or injection site. As a result of the intimate contact between the applicator head 
and suction device with the web and the applied suction, a pressure gradient or differential is formed within, or across, 

30 the foam application site of the carpet web, and it promotes thorough penetration of the applied foam into the interstitial 
spaces of the web and collapses the foam at the foam application site. The foam treated web as it leaves the foam 
' application site is damp but substantially foam-free and can be dried by suitable means to remove residual moisture. 
The device can comprise a static foam generator for continuously generating the above-described foam, the gen- 
erator comprising a pressure chamber, such as a tube, which has an inlet to which air and foamable liquid are supplied 

3S and an outlet from which the finished foam is drawn. There is also provided a means for generating a coarse foam 
which may include, for example, a premixer or foam initiator zone which contains a packing and is adjacent to the inlet 
end of the chamber to initiate the foaming process by mixing streams of compressed air and foamable liquid in a 
turbulent random manner, thereby forming a coarse mass of bubbles with a wide size distribution comprising relatively 
large" bubbles which caYvbe-perceivec by the unaided eye. Said means for generating the coarss foam may also be ; -- - 

40 provided by piping configurations which facilitate the initial mixing of the streams of compressed air and foamable 
liquid. The initial or coarse foam is driven or pushed by the pressure into a foam restructuring zone which contains 
substantially rigid packing, such as a roll of mesh or gauze, to subject the coarse foam to ordered turbulence and 
convert it into a moving mass of uniform microscopic bubbles with a narrow size distribution. The packing in the re- 
structuring zone has small and regular pores and is self-supporting when under the pressure, and, therefore, does not 

45 compact or migrate in the restructuring zone. 

In the accompanying drawing, where identical reference numerals indicate identical structure; 

FIG 1 is a schematic diagram depicting, in elevation, one embodiment of the foam application device of this in- 
vention and associated means to continuously transport a web, such as carpet web, by or through the foam ap- 
50 plication device; 

FIG 2 is a schematic diagram of one embodiment of the static foam generator of this invention which can be used 
to supply foam to the foam application device of FIG 1 ; 

FIG 3 is an isometric view of a partially rolled-up mesh which can be completely rolled up and placed in the foam 
generator of FIG 2; and 

55 FIG 4 is an enlarged view in partial section of the foam application device shown in FIG 1 . 

Carpet finishing is often done in a series of processes. The processing begins with an undyed semi-finished web 
which is dyed in a continuous or batch processes. Usually the dyeing process leaves the web at about 30%-80% 
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moisture as a percentage of dry carpet weight (%WPU). In this state the carpet may be treated with stain resists and 
carpet protector chemicals. After treatment, the web will be dried and backed with a secondary backing fabric and latex 
binder. After additional drying, the finished web is usually trimmed and wound for shipment to the user. This invention 
will be illustrated as applied to a web of carpet (before it is provided with the secondary backing), but it should be 

5 understood that it can be applied to other relatively flexible, porous or fluid permeable substrates or webs, such as 
other fibrous webs like fabrics or paper. 

Turning to FIG 1 , there is shown a foam application station 10 for the treatment of a web 11 of carpet continuously 
traveling, as indicated by the direction arrows, in a conventional carpet processing line (not shown) comprising carpet 
web handling and transport equipment such as that shown, for example, in the aforementioned U 3M Foam Applicator 

10 Machine" reference, the web being thus moved across the foam application site generally designated 12 where foam 
is continuously applied to the traveling web in accordance with the invention. At the application site 12, the foam 
application device of this invention is disposed, comprising an applicator head 14 and suction device (or "shoe") 15 
placed in trough 39, which is mounted on stand 16. The preferred location for the applicator station 10 is after the 
application of dye to the web and prior to drying and secondary finishing operations. 

15 The carpet web 11 which enters the foam application station 10 is typically semi-finished and often includes tufted 

yarn anchored at one end in a substrate fabric. In this condition, the web is flexible and quite porous or fluid permeable. 
And it will usually be somewhat wet from prior processing steps, though the processing variables for the present in- 
vention can be adapted to treat a dry web. Although carpet fiber type is an important processing variable, carpets of 
different types can be treated according to the present invention: However,- -it^shouW be /.ptedjhst r.orcsity nr firjid 

20 permeability of the substrate is required for successful treatment, and for this reason preferably the foam applicator 
equipment of this invention precedes the conventional latex and backing operations on the processing line. 

The treatment chemicals which are incorporated into a foam may vary widely, but the foam application device or 
system of this invention is particularly advantageous for the application of both a strain resist (or stainblocker) treatment, 
such as 3M Brand Stain Release Concentrate FX-668F, and a fluorochemical treatment such as Scotchgard™ Carpet 

25 Protector FX-1 367F. The treatment chemical is mixed with a foaming agent such as a surfactant and diluted with water. 
Some treatment chemicals, such as those mentioned above, are sold already mixed with the surfactant. The resulting 
foamable aqueous treatment liquid is then supplied to a foam generator, which can be any conventional or known foam 
generator but is preferably that of this invention, such as that shown in FIG 2. The foamable aqueous treatment liquid 
may be premixed as, for example, in a batch operation, or the individual components may be supplied separately on 

30 a continuous basis to the foam generator. The foam generator dilutes the treatment liquid with air to form a water- 
based air foam. 

Referring to FIG. 2, the foam generator 1 7 comprises a cylinder or tube having an inlet end with a fitting 18 for the 
supply of foamable liquid and a fitting 19 for the supply of compressed air. Adjacent the inlet end there is a premixer 
or foam initiator zone 21 in which is disposed suitable packing, such as a plurality of compressible, fibrous, porous 

35 balls 22 which provide a means for turbulently mixing the streams of foamable liquid and air in a random manner to 
continuously generate a mass of coarse foam that moves into a foam restructuring zone. The latter zone can be made 
up of a plurality of sections 23, four of which are shown in FIG. 2, in which are disposed suitable packing, such as rolls 
24 of fibrous open mesh, each roll being separated from the other by an annular ring 26 tightly disposed transversely 
in the^eneratOL FIG. ,-3 illustrates in detail a roll 24 of said mesh-not quite completely rolled ypJn order -o batter shows 

40 ^ its open, porous nature, the mesh having a corrugated nature which thus provides a plurality of longitudinally extending, 
spiral grooves or channels 25 within and on the outer surface of the roll. 

The foam produced by the foam generator as illustrated by FIG. 2, is a two-phase, water-based air foam that is 
mostly air by volume and mostly water by weight, having only a few tenths of a percent of treatment chemicals by 
volume. The foam is very uniform with microscopic bubbles, thereby imparting desired stability to the foam, though it 

45 can be classified as a temporary form (0.56 litres (a pint) of it collapsing, for example, in about 20 minutes) rather than 
a persistent or long-lived foam. And the foam has an appearance, loft, and consistency much like that of shaving cream 
foam produced from an aerosol can). 

The foam is pushed through the outlet of the foam generator, transported to the applicator head, and rapidly applied 
to the web, the residence time of the foam in the apparatus being minimized. Several physical aspects of the foam 

so generator permit it to accomplish this. For example, it is preferred but not required to include the several flow directors 
within the foam generator shown in FIG. 2. These directors intercept fluid flowing along the interior wall of the generator 
tube and force it to flow toward the interior of the tube where it is foamed. The foam generator includes a premixer or 
initial foam zone, or other means for preparing a coarse foam, which insures that the treatment liquid is distributed 
across the top of the packing material in the foam restructuring zone. 

55 The preferred packing material in the foam restructuring zone is a stainless steel mesh or gauze formed as a knit 

web and wound into a tight cylinder or roll, as illustrated in FIG. 3. The pore size of this material is both uniform and 
small, while the void volume is large. Mechanical stability of the roll prevents the packing from compacting in the tube 
under the operating pressures compatible with this process. The most preferred packing material is the above described 
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mesh web but with a secondary macro-structure, such as the afore-described corrugation, which enables a dimen- 

sionally stable packing with high void-volume to be formed. 

Foam generators can be operated at relatively high differential pressures from inlet to outlet ranging from 172 to 

689 kPa (25 to 100 psig). Preferred static pressures as measured in the slot should range between 0.69 to 172 kPa 
s (0.1 to 25 psig). At these pressures, the mass flow rate of foam can vary from 50 to 25,000 grams per minute. At the 

lower mass flow rates, the foam generator can process between 1 and 4 liters per minute of air, while the foam generator 

can foam between 500 and 2000 liters per minute of air at the higher foam mass flow rate. 

Referring to FIGS. 1 and 4, the foam is continuously supplied via line 31 to inlet 32 at the foam applicator head 14 

under a pressure, for example, about 0.69 to 172 kPa (0.1 to 25 psi) above ambient, and passes via passage 33 to 
10 the application slot 34 in the web-contacting face 35 of the applicator head. Directly opposite the application head 14 

is a suction device 15 having a web contacting face 36 that is preferably convex or curved, as shown in FIG. 4, and 

which is forced into engagement with the web 11 and applicator head 14 by an adjustable air cushion 38 disposed in 

trough 39 in which suction chamber housing 41 is disposed above cushion 38. The force generated by the air cushion 

38 seals the web 11 between the face 35 of the applicator head 14 and the complementary face 36 of the suction 
15 device and, in the case where the web is composed of tufted yarn, compressed or presses down the tufted yarn. 

The suction device 1 5 has a suction chamber 42 which is evacuated via pipes 44, 46 by a suitable vacuum system, 

not shown, suction chamber communicating with a suction slot 47 that is disposed opposite the application slot 34. 

The suction or reduction in pressure within the suction device 15 will be, for example, between 0 and 152 cms (0 and 

60 inchest of water, .with. the preferred .operating ranqc. '*yi.ng betw^Li j?.7 ^nd IQto™* (5 ap r ! 40 wh**)^ 
20 The suction should be sufficient to remove the air but not so high that liquid is pulled through the substrate. The flow 

of the foam in applicator head 1 4 and the flow of evacuated air in suction device 1 5 is illustrated in FIG. 4 by the arrows. 
In the absence of the force applied to the suction device 15, the pressure present in the applicator slot 34 would 

tend to reduce web contact with the seal surface 35. Absent intimate contact between the web and the seal surfaces, 

the foam treatment would leak onto the top surface of the carpet web 11 and permit ambient air pressure to be estab- 
25 lished in the web under the applicator slot 34. It is preferred to apply the force to the movable suction chamber housing 

41 which compresses the carpet web enough to prevent the appearance of foam on the top surface of the.carpet web. 

However, it should be appreciated that alternative mounting systems may be adopted to obtain the sealing of the web 

at the application site 12. 

The optimal width of the applicator slot 34 depends on web speed, treatment foam pressure, and other variables. 

30 Foam pressure is also an operating variable for the process and the optimal pressure depends primarily on web thick- 
ness and porosity. ODerable Pressures are illustrated in the examDIes below. Slots 34 and 47 are arranged diametri- 
cally across from each other, and it is preferred to have the width of the suction slot 47 exceed the width of the applicator 
slot 34. These apertures together define a treatment volume within the carpet web. 

It is preferred that the suction slot 47 be maintained at a slightly sub-atmospheric pressure, although pressure 

35 reductions of from 0 and 152 cms (0 to 60 inches) of water appear operable. The vacuum maintained in the suction 
chamber 42 removes air from the carpet web at the application site 12 during the carpet treatment process. There are 
two sources of air which must be accommodated. The carpet web 11 carries some air into the treatment zone while 
the applicator head 1 4 also presents some air to the web in the form of the treatment foam. In general, removal of the 

40 ical into the web. 

The suction device useful in the invention is preferably of low weight and low initia such as to allow seams, or other 
variations in thickness, to move through the foam application device without tearing the web. To further facilitate the 
moving of the web through the application device, it is preferred that the surface of either or both of the applicator head 
or suction device is curved such that the surface is closest to the web at the application or suction slot. 
45 it is preferred that the suction device be constructed of chemically resistant material such as stainless steel. In 

addition, it is preferred that the suction slot be constructed to have structural strength to retain its configuration under 
in-use stresses. 

In a typical application, the suction device face 36 and foam application head face 35 are first forced against the 
moving web to form a seal between the moving web and the sealing faces 35, Next, the foam is injected into the web. 

so Next, pressure in the suction chamber 42 is reduced until liquid begins to accumulate in the suction chamber. Small 
accumulations of liquid in the suction chamber indicate that the treatment foam is fully penetrating the web. However, 
the purpose of the applicator head is to leave the treatment chemical within the web so substantial accumulations of 
fluid in the suction chamber are undesirable. 

Although the present invention is described as using air to produce a foam, other suitable gases can be used. 

S5 Essentially, the only requirement for a material to be foamable is that the material have appropriate surface tension 
properties to maintain a bubble or cellular structure for the desired period of time. Materials which are not otherwise 
foamable can usually be rendered foamable by the addition of a foaming agent such as a surface active agent ("sur- 
factant"). Such agents are well known in the art and include, for example, those described in U. S. Patent Nos. 4,795,590 
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(Kent et al.), 4,912,948 (Brown, et al.), and 4,023,526. 

The apparatus of this invention can be used to treat any porous substrate such as a textile fabric of a non-woven 
material, paper or leather, with any of the functional chemicals that are normally used in their treatment Thus the 
apparatus can be used to apply a flame retarding composition, a waterproofing or water repellent composition, a latex 

or TlVn Tv!' ^ briCan uf hand bUild6r ' 8 dye ° r Pigment f ° r co,orin 9 the ,abric ' a sizi "9 a 9 en «. * whitening agent 
or fluorescent bnghtener, a bleach, a binder for a non-woven fabric, a scouring agent, a radiation curable or polymer- 
izable monomer or polymer or oligomer, or any other material that is normally used or applied to a fabric or similar 
substrate. As previously indicated, use of the apparatus of this invention permits one to apply the functional or treatment 
chemical in the form of a froth or foam to the material without employing unnecessarily large quantities of water In 
v.ew of the escalating energy costs and short supplies of natural gas and other fuels, this is a distinct advantage since 
less energy is required to dry the fabric for further and subsequent treatment of the foam treated substrate 

Objects and advantages of this invention are illustrated in the following examples and reference examples which 
should not be construed to unduly limit the invention. Where the term "RE" is used in this specification it means Ref- 
erence Example. 

RE 1: 

To a 20 liter container was added 4000 g Stain Release Concentrate FX-668F available from Minnesota Mining 

and Manufacturing Company, 5^0 g Scotched™ Caroel Protector Fjfcjrsfvzr awib*i«. f.™ M;~n e e~~ »« — - 

Manufacturing Company, and 1 5,460 g water The resulting mixture was hand stirred with a glass rod to give a'foamable 

A foam generating apparatus as illustrated in FIG 2, was used to generate the roam from the above liquid A clear 
plastic tube 7.5 cm in diameter and about 100 cm long was used. The premix section was the first section in the tube 
tocontac the liquid to be foamed. This premix section was partially filled with six, 350 g stainless steel sponges No 
751, available from Flour City Brush Co. of Minneapolis, Minnesota. This premix section was about 15 cm in length 
and ended at a first flow director. A first annular flow director was cut from a 0.4 cm thick sheet of Teflon™ polytetrafluor- 
oethylene to form a tight transverse fit on the inside surface of the tube and provide a passage for the coarse-foamed 
air and liquid m.xture through an opening of 2.5 cm provided in the center of the flow director. The balance of the foam 
producing mtenor of the tube was packed with six, axially aligned, 15 cm wide rolls of woven stainless steel mesh 
Goodloe Packing Style 773 (available from Otto H. York Co., Inc.) each of which was rolled into a cylinder with a 
diameter which just fit within the inside diameter of the tube. The woven mesh, as obtained from the supplier contains 
a corrugation pattern which is crimped into the fabric at about a 45 degree angle. Half of the rolls of woven mesh 
received Irom the supplier were unwound and rerolled with the opposite side of the woven mesh facing the outside of 
the roll. This served to reverse the direction of the corrugation pattern. When the rolled mesh was placed into the tube 
adjacent rolls of mesh were chosen so that the direction of the corrugations alternated directions. Additional annular 
flow directors were transversely placed between each roll of woven metal mesh to help prevent the channeling of foam 
or constituents along the interior wall surface of the tube. These additional flow directors were similar to the first flow 
director at the ^end of the premix section, except the center openings were 5 cm in diameter, rather than 2 5 cm A cap 
on tho inlet end of the tube wa« fitted with a pipe tee for connecting aO.5 jnch ( • .3 cm^li^te. >->?iWvWi6fc6m 
air and a 0.5 inch (1.3 cm) inlet tube for the treatment solution. A cap on the opposite end of the tube contained a 0 75 
inch (1 .9 cm) fitting to connect to a 0.75 inch (1 .9 cm) hose of sufficient length to transport the foam to an applicator 
head, such as that illustrated in FIG. 4, at a pressure of about 138 kPa (20 psi) measured at the outlet end of the 
generating tube 

The foam generating tube was operated in an essentially vertical position with the inlet end at the top of the tube 
The .nlet air flow-rate was regulated by a Teledyne Hasting air controller connected to a source of air at 620 kPa (90 
psi). The foamable liquid inlet flow-rate was controlled by a moyno 2L2 pump, a Micromotion D12 flow-meter and a 
PID controller A ratio of 50 to 1 in the volume of air, to liquid, at standard temperature and pressure, was used which 
prodded la uniform foam to the applicator head. During operation, the packing in the premix and restructuring zones 
remained rigid and stationary. Stable foam generation from the outlet tube was achieved within about 2 minutes of 
commenc.ng the air and foamable liquid flows. The foam generated in the premix zone was relatively coarse the 
bubbles rangmg from those which were perceptively large, e.g. 2 cm, near the inlet to those which were about 1 mm 
or smaller near the outlet of the premix zone. The mass of coarse foam upon entering the restructuring zone broke up 

l W o a fti? Tl ""'J ! T SS 0< Sma " bUbbl6S ' 1 mm ° r l6SS ' and as the mass of '^structured foam moved toward 
the outlet, essentially all the bubbles became microscopic adjacent the outlet end of Ihe generator. The above-described 
restructuring of the foam was observed through the clear plastic wall of the foam generator. 
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RE 2: 

Foam was generated as in RE 1 with a foam generating tube like that used in RE 1 except the tube was operated 
in an essentially horizontal position. The foam product generated was like that generated in RE 1 

s 

RE 3: 

Foam was generated as in RE 1 with a foam generating tube like that used in RE 1 except the tube was inverted 
with the inlet end at the bottom of the generating tube which was operated in an essentially vertical position. The foam 
io product generated was like that generated in RE 1 

RE 4: 

Foam was generated as in RE 1 with a foam generating tube like that used in RE 1 except the flow directors were 
15 not utilized. The foam product generated was like that generated in RE 1 

Reference Example c1: 

•; Foam_\\ ; £S generated as in RE t oxcept the, stainios^stgel sscnge jiytha prqm fe 3 sec* ip* and ih* u £?y: ftn . iV ^r#»;io 
20 the restructuring zone were replaced with springs of 316 stainless steel, 8.3mm OD (0,320 inches O.D.) and length, 
wire diameter between 0.838 and 0.889mm (0.033 and 0.035 inch) close coiled (available from Southern Spring). 

The springs were dimensionally stable under increasing pressure but produced a non-uniform foam with a wide 
distribution of bubble sizes. However, the operating range of liquid and air flow-rates and blow-ratios which give sat- 
isfactory foams was not as great as that in RE 1 

25 

Reference Example c2: 

Foam was generated as in RE 1 except the woven mesh in the restructuring zone was replaced by more of the 
stainless steel sponge used in the premix section. This packing material gave satisfactory foam at low flow rates and 
30 low pressures. However, when the pressure in the generating tube was raised to approximately 138 kPa (20 psi) or 
higher, the packing material began to compact, tending to restrict the flow. This compaction caused further pressure 
buildup which caused further compaction of the packing material, further inhibiting flow of foam through the foam 
generating section and out from the outlet end of the tube. 

35 Reference Example c3: 

Foam was generated as in RE 1 except the premix section was not included. The air and liquid components passed 
separately. through the woven mesh and produced an unsatisfactory coarse foam, resembling used dishwater soap. 

40 

RE 5: 



Foam was generated as in RE 1 except the function of the premix section was provided by supplying the air and 
treatment solution mixture by means of a one inch PVC pipe about 1 meter in length in an essentially horizontal ori- 

45 entation. The air and treatment solutions were introduced into the PVC pipe individually by tee fittings aligned so that 
the opening to the pipe was pointing up from the horizontal axis of the pipe. The outlet end of the horizontal PVC pipe 
was connected by means of an elbow fitting to a 25 cm length of 1 .27 cm (1/2 inch) PVC pipe at right angles to the 1 
inch pipe. Said 1.27 cm (1/2 inch) pipe was aligned in a vertical orientation extending up from the 2.54 cm (one inch) 
diameter pipe to assure the air flow and treatment solution flow would engage in some coarse foam generation. The 

so vertical 1.27 cm (1/2 inch) pipe was then connected by means of a flexible plastic hose (about 1.9 cm (3/4 inch) in 
diameter) to the top of the foam generation tube, which top was at about the elevation of the 2.54 cm (1 inch) horizontal 
pipe. A coarsely generated foam-air-liquid mixture was thus fed to the inlet of the generating tube. The coarse foam- 
air-liquid mixture was able to cover the top of the woven mesh section to enable back pressure to build, thus performing 
the function of the premix. The foam product generated was like that produced in RE 1 
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Example 6: 

A suction device (vacuum shoe) was made from stainless steel. First, 6 separate parts were prepared; 2 right side 
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head at a pressure of abo ,1 psi 89 pTand used ,o Si ? ? l ° the eX " ° f the s,ot in the a PP«<*tor 
(available from Shaw Industries) Se^toTh"^ fT'* 8 ° f S,y ' e # 1699 mock ^ ed nvlon 6 «*Pet 

2 mm wide through which Se f^m 3Sl f Lj ?lT ** 3 SUrfaCe and a s,ot in ,he 

carpet samp.es Lt^m^l^Zt Im ST T' 8nd S ' 0t WSr6 50 Cm The width ° f *. 

the applicator by a vacuum Z^n^Tc™^ * T-T ^ ^ aPP ' iCa, ° r and,0rced ,oward 
foam from escaping the ' PfeSS,n9 ° f ** ^ ,OWard the a PP licator P™««- the 

thea^cr^ 

the slot was attached to a D^o Zu^^XlZ^ 7"™ T ° 3 Th ° Chamber benealh 
50.8 cm (20") of water * ^ 3nd d,y VacUum t0 P rovide a sourc * of vacuum of about 

treatment solution on to the carpet to give a wet pickun of i r u/^ht <* Vh ♦ ' ♦ „ * ~ ; d to app,y t!l " 

120 degree c for 10 min.. The pLtraL of Z trSent luT^s J2T ^ ^ * ^ 

Comparative Example C4- 

cushST ^ ,r6a,ed 38 " EXamP ' e 6 6XCept With0ut the — a "d a porous cover was placed over the air 
Example 7: 

Example 8: 

Comparative Example C5: 

Carpet was treated as in Comparative Example C4 e^ept the substrate t 
Comparative Example C6- 



> used was the same as used in Example 7. 



treatment was evaluated by exZningThe en^e ES£i£..TlT P ^ * e effectlveness <* the 

(in %) was determined by measuZ fte tenSi S hell ^ " P the Carpet ' The P^'ation rating 
that length by the leng/oHhe^ 



TABLE 1 




STAIN RESIST PENETRATION 


EXAMPLE 


PEN b I RATION 


COMPARATIVE EXAMPLES 


PENETRATION 


6 
7 
8 


100% 
100% 
100% 


C4 
C5 
C6 


82% 
85% 
98% 
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The results in Table I show the increased penetration realized by the use of vacuum director opposite the foam 
injection zone. Comparative Examples C4-C6 illustrate the standard practice utilized today. 

Comparative Example C7 

s 

An alternate vacuum location, different from that of this invention was evaluated by placing a vacuum slot imme- 
diately prior to the application point of a Gaston County Dual head single feed carpet laboratory FFT system. A treatment 
composition was prepared as in RE 1 except the additives used were 286 g of 3M™ brand Stain Release Concentrate 
FX-667F and 64 g of Scotchgard™ Brand Carpet Protector FX-1363 and 10 g of Witconate AOS surfactant per liter 

10 of water. The resulting treatment composition was used to generate a foam as described in RE 1 except the blow ratio 
was 40:1 . The flow rate of the foam was adjusted to apply the treatment composition to a carpet section at a rate of 
7% wet pickup (with the carpet running under the foam applicator head at a speed of 75 ft/lmin (about 22 m/min). Said 
foam was applied to a 50 cm wide section of "Windrift 0 nylon carpet (available from Hollytex) utilizing a Gaston County 
Dual head single feed carpet laboratory FFT system, except the applicator was modified to include a source of vacuum. 

15 Vacuum was provided by means of a flattened tube inserted directly under the carpet close into the nip area between 
the hard roll and the carpet backing. One end of the tube was connected to a vacuum source (Dayton Industrial Wet- 
Dry Vacuum) and the other end was sealed with a slot provided in the tube coextensive with the width of the carpet. 
The flattened sides of the tube were approximately matched in shape to the nip area formed by the hard roll and the 
fo^m applicator. Tj2Ls^acr!;iated;lecat;r.n the v^cuum-^taTas far int/ythft-njp ^ r ea as practical, V\%e? to* v^.oMi^^ '^r*of*jy. 

20 was activated, a region of reduced pressure was.achieved beneath the full width of the carpet immediately before the 
carpet entered the nip between the foam applicator head and the hard driven roll. 

Comparative Example CB 

25 Foam was generated, and carpet treated as in Comparative Example C7 except no vacuum was applied. 

Comparative Example C9 

Foam was generated, and carpet treated as in Comparative Example C7, except the flattened tube applying the 
30 vacuum was relocated to the nip area under the carpet and immediately after the foam application slot. 

Evaluation of the carpets treated in Comparative Examples C7 and C9 which used vacuum before or after the 
foam application showed no improvement in stain resist penetration when compared to Comparative Example C8 
which did not use vacuum. Comparative Examples C7 - C9 had stain resist penetration results in the range of 50 - 
65%, which is considered unacceptable. 
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Comparative Example c10: 

Foam was generated, and carpet was treated as in Example 6, except the foam composition was adjusted to appjy 
- - a 4% level of FX-658F and 0.434% level ot Scmehgard G- FX-1367F on toihe carpet at a wet pickup .level of r5%cTlu> " 
40 vacuum slot was in position directly below the foam application head as shown in FIG. 4, but the vacuum was not 
turned on. An average of two trials gave a 85% stain resist penetration rating. 

Comparative Example c11 : 

45 Foam was generated, and carpet was treated as in Example 6, except the foam composition was adjusted to apply 

a 3% level of FX-668F, 0.48% DOSS KaraWet™ (from Rhone Paulenc), and a 0.434% level of Scotchgard™ FX-1 367F 
on to the carpet at a wet pickup level of 15%. The blow ratio of the foam generation step was 60.1 . The vacuum slot 
was in position directly below the foam application head as shown in FIG. 4, but the vacuum was not turned on. An 
average of two trials gave a 95% stain resist penetration rating. 

so 

Claims 

1. Apparatus (10) for applying foam from a foam generator means (1 7) to a moving web (11 ) comprising: 

55 

applicator head means (14), coupled to said foam generator means (1 7), for receiving pressurized foam from 
said foam generator means (17) and for dispensing said treatment foam onto said moving web (11), said 
applicator head (14) having an application slot (34) adapted to extend across the width of said moving web, 
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2. 



said application slot (34) being adapted for contact with said moving web, said application slot (34) defininq 
a foam application site (12); 

suction device means (15), coupled to a regulated reservoir of subatmospheric pressure for collapsing said 
foam and for extracting interstitial air from said moving web, said suction device means having a suction slot 
(47) adapted to extend across the width of said moving web, said suction slot (47) being adapted for contact 
with said moving web, said suction slot (47) being positioned directly opposite said application slot (34), said 
suction slot defining an air extraction site; 

said application slot (34) and said suction slot (47) together defining a treatment zone, said treatment zone 
extending through said moving web from said air extraction site to said foam application site; 
whereby a pressure gradient between said foam application site and said air extractor site, is formed within 
said web in said treatment zone; characterised in that said apparatus further comprises force means (38) 
coupled to said applicator head means and to said suction device means, adapted for compressing said web 
between said application slot (34) and said suction slot (47). 

The apparatus (10) of claim 1 wherein the foam generator means is a static foam generator (17) comprising an 
elongated substantially cylindrical pressure chamber having an inlet end and a discharge end, wherein said foam 
generator is for generating treatment foam from treatment chemicals. 

: JDMiRP*'*"* (10) of claim o f ur»h«r ^-.priss^- pro-.;v s? means (22) locstod pr^im*::: raid :xz* cad fo-S^EaV' • 
foaming of said treatment chemical to produce a course foam. ' * t i 

The apparatus of claim 3 further comprising foam restructuring means located in said chamber between said 
premixer means (22) and said discharge end for generating from said coarse foam a substantially uniform foam 
having microscopic bubbles, wherein said foam restructuring means comprises a plurality of rolls (24) formed from 
stainless steel mesh, said mesh having a substantially uniform pore size, each roll being tightly wound such that 
the exterior circumference of each of said rolls conforms to the inside diameter of said cylindrical chamber, said 
rolls being stacked end-to-end in said cylindrical chamber. 



Patentanspruche 



1. 



Apparat (10) zum Schaumauftragen aus einem Schaumerzeuger (17) auf eine sich bewegende Faserbahn f11) 
umfassend: v " 

Applikatorkopf (14), zusammenarbeitend mit dem Schaumerzeuger (17), zum Aufnehmen von unter Druck 
stehendem Schaum aus dem Schaumerzeuger (17) und zum Ausbringen des Behandlungsschaums auf die 
sich bewegende Faserbahn (11), wobei der Applikatorkopf (14) einen Auftragsschlitz (34) aufweist, der Ober 
die Breite der sich bewegenden Faserbahn reicht, wobei der Auftragsschlitz (34) auf Kontakt mit der sich 
buwogond§n Faserbahn" eingerichtot lot jnd wobei der Auftragsschlitz (34) eine Schauinaofiradssteiie (12) 
festlegt; 

Saugvorrichtung (15), zusammenarbeitend mit einem geregelten unterdruckbehalter, urn den Schaum zum 
Zusammenfallen zu bringen und zum Abziehen von Porenluft aus der sich bewegenden Faserbahn, welche 
Saugvorrichtung einen Saugschlitz (47) aufweist, der Ober die Breite der sich bewegenden Faserbahn reicht 
wobei der Saugschlitz (47) auf Kontakt mit der sich bewegenden Faserbahn eingerichtet ist, welcher Saug- 
schlitz (47) und wobei der Saugschlitz (47) direkt gegenuber dem Auftragsschlitz (34) angeordnet ist und der 
Saugschlitz eine Stelle zum Luftabziehen festlegt; 

wobei der Auftragsschlitz (34) und der Saugschlitz (47) eine Behandlungszone festlegen, welche Behand- 
lungszone sich von der Stelle zum Luftabziehen durch di.e Faserbahn hindurch zu der Schaumauftraqsstelle 
erstreckt; 

wodurch ein Druckgradient zwischen der Schaumauftragsstelle und der Stelle zum Luftabziehen in der Be- 
handlungszone im Inneren der Faserbahn gebildet wird; 

dadurch gekennzeichnet, daB der Apparat ferner Mittel zum Druckausuben (38) aufweist, zusammenarbei- 
tend mit dem Applikatorkopf und der Saugvorrichtung und eingerichtet zum Zusammendrucken der Faserbahn 
zwischen dem Auftragsschlitz (34) und dem Saugschlitz (47). 

2. Apparat (10) nach Anspruch 1 , bei welchem der Schaumerzeuger ein statischer Schaumerzeuger (17) ist, umfas- 
send eine langgestreckte und im wesentlichen zylindrische Druckkammer mit einem EinlaG-Ende und einem Aus- 
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stoB-Ende, welcher Schaumerzeuger zum Erzeugen von Behandlungsschaum aus Behandlungs-Chemikalien 
dient. 

3. Apparat (10) nach Anspruch 2, f emer umfassend Vormischer (22), unmittelbar befindlich am EinlaB-Ende, um die 
s Schaumbildung der Behandlungs-Chemikalien auszulosen und einen groben Schaum zu erzeugen. 

4. Apparat (10) nach Anspruch 2, ferner umfassend Schaum-Restrukturiervorrichtung, befindlich in der Kammer zwi- 
schen dem Vormischer (22) und dem AusstoB-Ende, um aus dem groben Schaum einen weitgehend gleichformi- 
gen Schaum mit mikroskopisch kleinen Blaschen zu erzeugen, wobei die Schaum-Restrukturiervorrichtung eine 

10 Vieizahl von Rollen (24) aufweist, die aus rostf reien Stahlmaschen gebildet sind, wobei die Maschen eine weitge- 

hend gleichformige Offnungsweite haben und jede Rolle fest aufgewickelt ist, so daB sich der AuBenumfang jeder 
dieser Rollen an den Innendurchmesser der zylindrischen Kammer anpaBt, wobei die Rollen in der zylindrischen 
Kammer stoBend angeordnet sind. 

15 

Revendications 

1 . Appareil (1 0) pour appliquer de la mousse a partir d'un moyen generateur de mousse (17) sur une bande mobile 

un moyen de tete d'applicateur (1 4), couple au moyen g6n6rateur de mousse (17), pour recevoir de la mousse 
pressurisee du moyen generateur de mousse (17) et pour distribuer la mousse de traitement sur la bande 
mobile (11), la tete d'applicateur (1 4) comportant une fente d'application (34) adaptee pour s'etendre a travers 
la largeur de la bande mobile, la fente d'application (34) etant adaptee pour entrer en contact avec la bande 

25 mobile, ladite fente d'application (34) d6finissant un site d'application de mousse (12); 

un moyen de dispositif d'aspiration (15), couple a un reservoir ajuste de pression sous-atmospherique pour 
affaisser ladite mousse et pour extraire I'air interstitiel de la bande mobile, ledit moyen de dispositif d'aspiration 
comportant une fente d'aspiration (47) adaptee pour s'etendre a travers la largeur de la bande mobile, la fente 
d'aspiration (47) etant adaptee pour entrer en contact avec la bande mobile, ladite fente d'aspiration (47) etant 

30 positionnee de facon directement opposee a la fente d'application (34), la fente d'aspiration susdite d6finissant 

un site d'extraction d'air; 

la fente d'application (34) et la fente d'aspiration (47) definissant ensemble une zone de traitement, ladite zone 
de traitement s'etendant a travers la bande mobile du site d'extraction d'air au site d'application de mousse; 
de sorte qu'un gradient de pression entre le site d'application de mousse et le site d'extraction d'air, est form6 
35 a I'interieur de ladite bande dans la zone de traitement; 

caracterise en ce que I'appareil precite comprend de plus un moyen de force (38) couple au moyen de tete 
d'applicateur et au moyen de dispositif d'aspiration precites, adapte pour comprimer la bande entre la fente d'ap% 
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Appareil (10) suivant la revendication 1 , dans lequel le moyen generateur de mousse est un generateur de mousse 
statique (17) comprenant une chambre de pression sensiblement cylindrique allongee comportant une extremity 
d'entrSe et une extr6mit6 de d6chargement, ledit g6n6rateur de mousse 6tant destin6 a produire une mousse de 
traitement a partir de produits chimiques de traitement. 

Appareil (10) suivant la revendication 2, comprenant de plus un moyen premSlangeur (22) agenc6 a proximite de 
I'extremite d'entr^e susdite pour amorcer le moussage du produit chimique de traitement et produire une mousse 
de traitement. 

Appareil suivant la revendication 3, comprenant de plus un moyen de restructu ration de mousse agenc6 dans la 
chambre precitee entre le moyen premelangeur (22) et I'extremite de d§chargement pour produire au depart de 
la mousse grossiere une mousse sensiblement uniforme comportant des bulles microscopiques, dans lequel le 
moyen de restructuration de mousse susdit comprend une s£rie de rouleaux (24) formes d'une structure maill§e 
en acier inoxydable, ladite structure maill6e ayant une taille de pores sensiblement uniforme, chaque rouleau 6tant 
enroule de fa5on serr£e de telle sorte que la circonterence exterieure de chacuh de ces rouleaux se conforme au 
diametre interieur de la chambre cylindrique precise, lesdits rouleaux etant empiles bout a bout dans ladite cham- 
bre cylindrique. 
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